SUMMARY. The contributions of pulmonary endothelial and blood cells to the removal of adenosine during a single passage through the rabbit pulmonary circulation were investigated. In the isolated, blood-free perfused rabbit lung in situ, single pass pulmonary removal of [ 3 H]-adenosine injected into the pulmonary artery was accomplished by a low-affinity, saturable process yielding apparent Michaelis-Menten constants of K m = 498 ± 36 ^M and V,^ = 39 ± 4 jtmol/min per lung. Similar experiments in the intact, anesthetized animal, in vivo revealed a rapid, high-affinity removal of [ 3 H]adenosine from plasma with apparent Michaelis-Menten constants of Kn, = 3.3 ± 0.5 IJ.M and V™,,, = 6.5 ± 2.4 ^mol/min per lung. However, complete recovery of the injected adenosine was achieved upon lysing of cells from blood collected during a single transpulmonary passage of the substrate, indicating that blood cells were responsible for adenosine removal in vivo. The rate of disappearance of adenosine from plasma, observed by incubating the substrate with whole rabbit blood in vitro, was comparable to that found in vivo. We conclude that although, in the absence of circulating blood, rabbit lung is able to extract adenosine in vitro, this mechanism is of little significance in vivo where blood cells appear to be primarily responsible for such removal. (Circ Res 54: 603-611, 1984) 
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From the Department of Pharmacology and Toxicology, Medical College of Georgia, Augusta, Georgia SUMMARY. The contributions of pulmonary endothelial and blood cells to the removal of adenosine during a single passage through the rabbit pulmonary circulation were investigated. In the isolated, blood-free perfused rabbit lung in situ, single pass pulmonary removal of [ 3 H]-adenosine injected into the pulmonary artery was accomplished by a low-affinity, saturable process yielding apparent Michaelis-Menten constants of K m = 498 ± 36 ^M and V,^ = 39 ± 4 jtmol/min per lung. Similar experiments in the intact, anesthetized animal, in vivo revealed a rapid, high-affinity removal of [ 3 H]adenosine from plasma with apparent Michaelis-Menten constants of Kn, = 3.3 ± 0.5 IJ.M and V™,,, = 6.5 ± 2.4 ^mol/min per lung. However, complete recovery of the injected adenosine was achieved upon lysing of cells from blood collected during a single transpulmonary passage of the substrate, indicating that blood cells were responsible for adenosine removal in vivo. The rate of disappearance of adenosine from plasma, observed by incubating the substrate with whole rabbit blood in vitro, was comparable to that found in vivo. We conclude that although, in the absence of circulating blood, rabbit lung is able to extract adenosine in vitro, this mechanism is of little significance in vivo where blood cells appear to be primarily responsible for such removal. (Circ Res 54: 603-611, 1984) THERE is sufficient evidence to indicate that the lung contributes significantly to the disposition of numerous vasoactive substances in both experimental animals and man (for review, see Gillis and Pitt, 1982) . Adenosine, a nucleoside with considerable vasodilatory and annthrombotic properties, is believed to be involved in the maintenance of normal vascular tone (for review, see Arch and Newsholme, 1978) . Recently, evidence has been presented to indicate that vascular endothelial cells in culture, as well as rat and pig lungs perfused in vitro with blood-free solution, can remove adenosine from the culture medium and perfusate, respectively, suggesting a possible regulatory role of pulmonary endothelium for adenosine, in vivo (Dieterle et al., 1978; Pearson et al., 1978; Bakhle and Chelliah, 1983; Hellewell and Pearson, 1983) . Because of the potential significance of such a finding in our understanding of the role of adenosine in pulmonary and coronary vascular tone, the present experiments were designed to investigate the role of the lung in the disposition of adenosine in vivo, as well as the possible contribution of circulating blood cells both in vivo and in vitro.
Methods
The animals used in this study were male New Zealand white rabbits weighing between 2.5 and 4 kg. They were housed in individual cages on a 12-hour dark/12-hour light cycle and had free access to food and water.
Isolated Lung Perfused in Situ
The preparation is similar to the one reported by Effros et al. (1980) . Rabbits were anesthetized with a mixture of urethane (200 mg/ml; Sigma Chemical Co.) and allobarbital (50 mg/ml; dial, a gift from Ciba-Geigy Corp.) administered into a marginal ear vein at volumes necessary to produce surgical anesthesia (5-7 ml). The neck and chest area were shaved, the trachea isolated, intubated and artificial respiration was begun (Harvard Small Animal Respirator); a catheter was introduced into the left carotid artery and heparin (5,000 U; Elkins-Sinn, Inc.) was administered, iv. After exsanguination through the carotid catheter, the chest was opened via a midstemal incision, catheters were placed in the left atrium and main pulmonary artery, and the ascending aorta was tied off. Inspiratory air was enriched with a mixture of 97% O 2 and 3% CO 2 at flow rates necessary to maintain outflow P02 and Pco 2 at >100 mg Hg and approximately 30 mm Hg, respectively. Perfusion was begun immediately by means of an adjustable peristaltic pump (Cole Palmer Instrument Co.). The blood-free perfusion solution contained 140 mEq/liter Na + , 110 mEq/liter Cl", 30 mEq/liter HCO 3 ", 5 mEq/liter Ca ++ , 1.7 mEq/liter Mg ++ , 1.5 g/liter glucose, 5% bovine serum albumin (Cohn Fraction V, Sigma Chemical Co.) and 5000 U/liter heparin. The solution was prepared fresh before each experiment, filtered through a Whatman no. 1 filter, adjusted to pH 7.4, and placed in the 37°C water bath. All glassware and tubing (Silastic; Dow Corning Corp.) had been autoclaved. The initial left atrial outflow was discarded (40-60 ml) until all red blood cells were washed out of the lungs, at which time outflow was returned to the perfusion reservoir. Pulmonary arterial, left atrial, and airway pressures were continuously monitored via Statham transducers (Statham Instruments, Inc.) and the signal recorded on a NARCO PMP-4B Re-corder (Narco Bio-systems, Inc.). Left atrial pressure was adjusted and maintained at 0 mm Hg relative to mid-chest by means of a needle valve positioned in series to the outflow tubing. At approximately 5 cm from the left atrium, a second outflow catheter was attached via a threeway stopcock, leading to an escargot-type fraction collector (Gilson Medical Electronics, Inc.). Outflow was switched to this catheter during the 10 seconds of each indicator dilution experiment. A diagramatic representation of the preparation is shown in Figure 1 . Adenosine removal by the blood-free perfused lung was estimated during a single passage of the substrate through the lung using a double indicator dilution technique. Either indocyanine green (CG; Hynson Westcott and Dunning) or [ Co.) in a total volume of 1.2 ml using the perfusion solution as solvent. A 0.4-ml aliquot was injected into the inflow catheter 3-5 cm from the pulmonary artery and, simultaneously, the outflow was diverted into the fraction collector equipped with 13 X 100 borosilicate tubes (Fisher Scientific) advancing at the rate of one every 0.6 seconds. Twenty sample tubes were collected and immediately placed on ice for subsequent analysis. Two or four such determinations were performed in each animal, as pairs, with a 15-to 20-minute interval between pairs. The first determination of each pair was always the "trace" determination, i.e., it contained no unlabeled adenosine. The second determination in the pair included 1, 5, 10, or 80 /imol nonradioactive adenosine. The maximal time of perfusion in these experiments was 40 minutes. At the end of the experiments, dry/wet lung weight ratios were calculated and were found to be statistically identical to those from freshly killed rabbits (0.18 ± 0.02; mean ± SE of four animals).
In Vivo Preparation
Rabbits were anesthetized and inrubated as described for the in situ model. Tygon catheters were inserted into the left carotid artery and right jugular vein to the level of the ascending aorta and right atrium, respectively. Inspired air was enriched with O 3 to produce Fio 2 = 0.3-0.4 and minute ventilation was adjusted to achieve arterial pH, Pcc>2, and Pch of approximately 7.4, 40, and >100 mm Hg, respectively, monitored with an IL 113, pH/Blood Gas Analyzer (Instrumentation Laboratory). Arterial blood pressure was continuously monitored by means of a Statham transducer connected to a Gould 2400 recorder (Gould Instruments). Single pass removal of adenosine in vivo was measured by means of the double indicator dilution technique. The radioactive mixture consisted of 0.375 mg CG or 0.5 jtCi [
H]adenosine and 0 to 4 fimol unlabeled adenosine to a total volume of 1.2 ml in saline. A 0.9-ml aliquot was injected into the right atrial catheter and, simultaneously, blood withdrawal began from the arterial catheter by means of a peristaltic pump (30 ml/min) connected to an escargottype fraction collector equipped with 13 X 100 mm borosilicate tubes containing 3 ml of 4 rrun adenosine in saline and advancing at the rate of one tube per 0.6 second (i.e., 0.3 ml blood per tube). Twenty sample tubes were thus collected and immediately placed on ice. In some experiments, 1 ml of the blood-saline mixture from each tube was transferred into a 12 X 75 mm tube containing 0.1 ml 6 N perchloric acid (PCA; Fisher Scientific); each PCA tube was vortexed vigorously (to lyse the cells and precipitate BUBBLE TRAP v.v, iaoio 
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the proteins) and placed on ice. All tubes were centrifuged in a refrigerated centrifuge (Centra 7R, International Equipment Corp.) at 3000 rpm for 10 minutes (plasma tubes) or 20 minutes (PCA tubes).
Sample Processing and Calculations of Removal
A 0.1-ml aliquot from each sample tube of the in situ experiments or a 0.5-ml aliquot from the plasma and PCA supernatants from each sample tube in the in vivo studies was placed in a 7-ml scintillation minivial (Fisher Scientific), and radioactivity was estimated in a Beckman 7500 scintillation spectrometer (Beckman Instruments) in the presence of 5 ml of Beckman Redisolv-MP scintillation cocktail. Whenever CG was used, its concentration in the plasma supernatant (in vivo studies) or perfusion medium (in situ studies) in each sample tube was measured using a Beckman model 35 Specrrophotometer at 805-nm wavelength. An additional aliquot from each sample tube was placed over anion exchange columns (AG1-X2, 400 mesh, Cl) to separate the phosphorylated from the nonphosphorylated (eluted) compounds. Sporadically, a 0.05-ml aliquot was also analyzed by thin layer chromatography (see below). With either method, minimal amounts of pHJad'enosine metabolites observed in the plasma during the 12-second transit time (maximal) through either preparation.
Percent removal of adenosine was estimated at each point along the fractional concentration curve as: H]adenosine, respectively. FC values were calculated as the ratio of the amount of indicator in each sample to the total amount administered (Carravas and Gillis, 1980 Gillis, , 1983 . In the experiments with lungs perfused in situ, R values were calculated from FC values in perfusion medium samples and represent adenosine removal by lung. In the in vivo experiments, R calculations utilizing FC values from diluted plasma samples reflect adenosine removal by both lung and blood cells, whereas R values calculated from FC values in PCA supernatant samples represent adenosine removal by lung only.
In addition to calculations of removal, data from each pair of determinations [i.e., the first (trace) determination with no unlabeled adenosine and the second containing unlabeled adenosine in the radioactive injectate, as previously explained] were analyzed to determine apparent Michaelis-Menten constants K m and V^, for adenosine removal based on the model described for serotonin uptake by dog lung, in vitro, by Rickaby et al. (1981) and Bronikowski et al. (1982) :
where CR = FC R X nmol adenosine injected; C A = FC A X nmol adenosine injected; a = constant of heterogeneity of perfusion.
When the constant a is equal to zero, there is no correlation of uptake with transit time, and the indicator is considered to have been through a homogeneously perfused bed. Q (plasma flow) and t (indicator mean transit time through the lungs) were calculated from the reference indicator outflow curves as described in previous publications (Carravas and Gillis, 1980 ). This kinetic model assumes parallel, noninteracring microvessels with no radial diffusion gradients, in which the disappearance of the adenosine follows simple Michaelis-Menten kinetics. The intravascular dispersion of all indicators within the injected bolus are considered similar, and perfusion heterogeneity is represented as a distribution of transit times, resulting from differences in distribution of flow or path length within the microvessels (Bronikowski et al., 1982) . The function describing heterogeneity of transit times [r(t) = ( 1 -a + a t/t)to tc being capillary mean transit time], which is incorporated in Equation 2 is analogous to those described by Rose and Goresky (1976) and Bronikowski et al. (1980) for a linear uptake process. The application of this function in nonlinear uptake systems is discussed by Bronikowski et al. (1982) .
As with Rickaby et al. (1981) and Bronikowski et al. (1982) , data used for kinetic analyses represented samples collected up to the time of one t and where removal of adenosine was in excess of 10%. An application of the above model in the lung uptake of serotonin and norepinephrine in vivo was published recently (Carravas and Gillis, 1983) ; a mathematical derivation of the equation and a full description of the underlying assumptions can be found in Bronikowski et al. (1980 Bronikowski et al. ( , 1982 .
Removal of Adenosine into Blood Cells in Vitro
Fresh arterial rabbit blood (0.3 ml) was incubated with 0.01 ml (0.05 /xCi) [ 3 H]adenosine at varying specific activities for 10 seconds at 37°C. The reaction was stopped with the addition of 4 nw cold adenosine in saline (1 ml) and placing the tubes on ice. Within 15 minutes, the tubes were centrifuged at 3000 rpm for 10 minutes (4°C) and, subsequently, the total amount of radioactivity in the supernatant was determined. An aliquot of each supernatant sample was also subjected to thin layer chromatography in silica gel plates using the solvent system ammonium:water:isobutyric acid (1:33:66). With this method, the R f for adenosine, inosine, and AMP are 0.79, 0.57, and 0.47, respectively. Apparent Michaelis-Menten kinetic constants K m and W mt% for adenosine removal by blood cells were estimated from Lineweaver-Burk plots of the data.
Statistics
Statistical comparisons of means utilized Student's ttest for independent samples (Snedecor and Cochran, 1980) . Differences were considered significant when P < 0.05. All data processing, kinetic constant calculations, and statistical analyses were performed with the aid of DEC Rainbow 100 microcomputer (Digital Equipment Corp.).
Results

Adenosine Removal by Rabbit Lung Perfused With Blood-Free Medium in Situ
Removal of [ 3 H]adenosine (0.1 nmol, 'trace") remained relatively constant during a single passage through rabbit lungs perfused with blood-free medium at 90 ± 3 ml/min (Fig. 2) . At the peak of the fractional concentration curve of CG, and thus in the absence of any significant back-diffusion of the test indicator (Crone, 1963) , adenosine removal (R) averaged 54.6 ± 3.2% (n = five animals, 10 determinations, total). Because of the trace amounts of adenosine injected (0.1 nmol), the removal process obeys first-order kinetics (i.e., [S] •« K m ) and can also be evaluated as the V max /K m ratio derived from the first order equation (Segel, 1975) as flow x In (1/(1-R)), in these experiments averaging 69 ± 6 ml/ min per lung. Removal values (R) did not vary significantly when the amount of adenosine injected into the pulmonary arterial catheter was increased to 1, 5, or 10 jimol; but, at 80 /imol, percent R decreased significantly, indicating that disappearance of adenosine from blood-free perfusate was a saturable process.
When these data were analyzed according to Equation 2, apparent Michaelis-Menten constants for the uptake of adenosine were obtained as K m = 498 ± 36 MM and V max = 39 ± 4 junol/min per lung (mean ± 1 SE) of three rabbits; data obtained from one "trace" and one 80-Mmol adenosine injection per animal), resulting in V mox /K m = 79 ± 7 ml/min per lung. This W max /K m is statistically similar to the value obtained with the first-order equation, above. The a value calculated from Equation 2 was not different from zero (0.0 ± 0.1) reflecting a homogeneously perfused organ, at least to the limits of sensitivity of this technique.
Adenosine Removal by Blood Cells in Vitro
Michaelis-Menten kinetics constants for the disappearance of adenosine from plasma into rabbit blood cells in vitro was estimated in 10-second incubation periods to approximate times of exposure of substrate to blood or vasculature in the in vivo and in situ experiments. Adenosine concentrations Circulation Research/Vol. 54, No. 5, May 1984 ranged from 0.1 to 50 /JM, and the values obtained for uptake were K m = 0.5 MM and V™,, = 5 nmol/ min per ml blood (Fig. 3) .
Adenosine Removal in Vivo
Adenosine removal by both lung and blood cells, in vivo, was studied utilizing the fractional concentration values of both reference (CG Figure 4 indicates extensive removal of adenosine at trace concentrations of the substrate (0.1 nmol injected). When the amount of adenosine was increased (560 nmol), percent removal is reduced, as indicated by the larger area under the fractional concentration curve, and, at 3000 nmol of adenosine injected, percent removal is minimal, as reflected in the congruent CG and [ 3 H]adenosine curves. This profile of adenosine uptake reflected a saturable process, and, when the data were analyzed according to Equation 2, apparent Michaelis-Menten kinetics were obtained as K m = 3.3 ± 0.5 MM and V max = 6.5 ± 2.4 Mmol/min per lung (n = 6). Furthermore, the a value calculated (1.0 ± 0.1) indicated a 'heterogeneously perfused bed," i.e., that there was a significant correlation between adenosine uptake and time of residence of substrate in the circulation.
When dipyridamole, a known inhibitor of adenosine uptake by various cell types, was included in the radioactive injectate (30 nmol), adenosine removal by both lung and blood cells was completely inhibited (R not different from zero, n = 3) as shown in Figure 4 .
To differentiate between lung and blood cell removal of [ PCA supernatants (i.e., lung uptake only) and compared to substrate removal calculated from fractional concentration values in diluted plasma supernatants (i.e., both lung and blood), in the same experiment. Table 1 summarizes the kinetic constants obtained from in situ (lung removal) and in vivo (blood cell removal) experiments. There is a 25-fold difference in the V ma x/K m ratio of blood to lung removal, supporting the findings of minimal contribution of lung to the removal of adenosine, in vivo.
Fate of [ 14 C]5'-AMP, in Vivo
Previous work from our laboratory had indicated that when [ * Km, V m> , and ix values were calculated from double-indicator dilution experiments in isolated blood-free perfused rabbit lungs, in situ (i.e., lung removal) and in intact anesthetized rabbits in vivo (diluted plasma supernatants, i.e., blood cell removal). Figure 6B indicates that all of the 14 C radioactivity is recovered upon lysis of blood cells, and that no lung removal occurs, as was described with [ 
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Time (seconds) position of substances by lung. Methods in vivo offer equally incisive benefits and, very importantly, the ability to assess the relative importance of pulmonary processes vis-a-vis similar co-existing processes in blood and other tissues. For example, uptake of serotonin occurs by both pulmonary endothelium and platelets. However, transport into lung is such that during a single passage through the lung, the majority of serotonin is taken up by lung (Catravas and Gillis, 1980; Rickaby et al., 1981) . Similarly, even though angiotensin converting enzyme (ACE) and 5'-nucleotidase (NCT) are found both in blood and on the lumenal surface of pulmonary endothelium, the amounts (and possibly conformation) of lung ACE and NCT are such that the endothelium is the principal locus for the metabolism of biogenic or synthetic substrates (Ng and Vane, 1967; Catravas and Gillis, 1983; Catravas and White, in press ). Theoretically, the relative importance of, for example, a lung vs. blood enzyme could be deduced by comparing V mJX /K m values of the enzyme in both tissues, in vitro. However, such comparisons are not always feasible and, in the aforementioned examples, studies in vivo provided the necessary proof.
The present study was prompted by the work of Pearson et al. (1978) , on the ability of cultured porcine aortic endothelial cells to remove adenosine, and was performed in order to determine whether the lung is indeed able to remove adenosine in vivo and thus provide an additional metabolic probe of lung microvascular integrity. The experiments were designed to reflect the overall uptake process by lung or blood cells and do not distinguish between transport and subsequent metabolism.
Our results from the experiments utilizing rabbit lungs, perfused with blood-free medium in situ, agree with similar studies in rat, guinea pig, and pig. Steinberg and Das (1978) and Hellewell and Pearson (1983) observed a 61 and 47% uptake of [ 3 H]adenosine by blood-free perfused rat and piglet lungs, respectively. Recently, in a detailed description of the fate of adenosine in blood-free perfused rat and guinea pig lungs, Bakhle and Chelliah (1983) reported comparable uptake at substrate concentrations from 0.5 to 3 HM; uptake gradually decreased to about 5% at 1 ITIM concentration of adenosine, revealing a low affinity removal process with K m = 215 HM (rat). The K m value we calculated in rabbits (498 fiM) is higher than that reported in the rat, but still within the range of values found in porcine aortic endothelial cells in culture (250 fiM, Pearson et al., 1978; 0.3 ITIM Dieterle et al., 1978) and porcine pulmonary arterial endothelial cells in culture (1.1 mM; Dieterle et al., 1978) . As with the rat lung, in rabbits we did not observe a second, high affinity process for adenosine removal as reported with endothelial cells in culture (Pearson et al., 1978; Dieterle et al., 1978) . This observation could reflect a difference among species. In rabbits, our study indicates that a high affinity removal process for adenosine is present in blood cells, both in vitro and in vivo.
Even though we did not attempt to differentiate between various blood cell types, erythrocytes are probably responsible for most, if not all, of the adenosine transport by blood cells observed in this study. There are 500-1000 times more erythrocytes than leukocytes in rabbit blood (Pintor and Grassini, 1957) . A similar ratio exists in human blood, where (as in rabbit) red blood cells have been shown to possess a high affinity adenosine removal process with K m = 1.4 HM (Kolassa et al., 1978) . Metabolite accumulation in plasma was minimal during the 10 seconds of incubation with blood in vitro, or even after a single passage through the rabbit lung in vivo or in situ, where maximal transit time never exceeded 10 seconds. This observation agrees with Hellewell and Pearson (1983) utilizing comparable methodologies and with Bakhle and Chelliah (1983) who infused adenosine into rat lung for 10 seconds, and collected the effluent for the subsequent 50 seconds, mostly containing unchanged adenosine. It also confirms the findings by Klabunde and Althause (1981) of minimal metabolism of adenosine during the first few seconds of incubation with dog whole blood. There are two enzymes primarily responsible for the metabolism of adenosine; adenosine deaminase and adenosine kinase, producing inosine and AMP, respectively (Arch and Newsholme, 1978 ). It appears that either the rate of metabolism of adenosine is too slow to occur to any significant extent within 10 seconds, or, more probably, that metabolism does occur, particularly by adenosine kinase, but that the phosphorylated product would not be expected to leave the cell.
The K m value of adenosine removal in vivo (3.3 ^M) is slightly higher than our value with rabbit blood in vitro (0.5 HM), but is very close to that observed in porcine aortic and pulmonary arterial endothelium in cultures (3 HM; Pearson et al., 1978; Dieterle et al., 1978) ; more likely, these values reflect adenosine kinase activity rather than true transport (Plageman and Wohlhueter, 1983) . In these experiments, Vma* values of adenosine uptake by blood can be readily compared to those by lung in the blood-free preparation in situ, since both are expressed as moles per minute per rabbit lung. Thus, it is apparent (Table 1) that there is a considerable difference in the V^x/Km ratio of uptake between lung and blood, the latter system being 25 times more efficient. The reasons for the differences in Vmax can only be speculative. If one assumes 4 X 10 8 endothelial cells per g of lung (Crapo et al., 1978) , rabbit lung weight of 10 g, maximal possible blood volume that adenosine is exposed to during the in vivo experiment as 20 ml (as determined by the indicator dilution technique) and 5 X 10' erythrocytes per ml blood, it follows that during a single passage through the lung, the substrate could interact with 4 X 10' endothelial cells and as much as 100 X 10 9 erythrocytes (although this number is probably lower, since the bulk of adenosine is not in contact with all 20 ml of blood). Even though erythrocytes could be as much as 5-to 25-fold excess, lung (endothelial) V^, is six times greater than erythrocyte V™*.
The magnitude of the blood-to-lung Vm^/Km ratio would suggest, a priori, a minimal contribution of pulmonary endothelium in the uptake of adenosine in vivo. A further, indirect suggestion to that effect is offered by the a values obtained during calculations of Michaelis-Menten kinetics in vivo and in situ. In the blood-free perfused lung in situ, a did not significantly differ from zero, indicating that removal was independent of sample collection time, i.e., that the substrate was exposed to the removal process (endothelial) for the same period of time at each collected sample. However, in the in vivo preparation, significant a values were computed (1.0 ± 0.1), indicating a good correlation between removal and sample collection time. Although other investigators have reported an influence of red blood cells on pulmonary perfusion heterogeneity in isolated dog lung lobes , we have not observed such heterogeneity in rabbits (Catravas and White, in press ), and we believe that the a levels in our present experiments in vivo suggest erythrocyte rather than endothelial uptake, i.e., a process operating throughout the pulmonary circulation and not at the microvascular level only.
Our findings that rabbit lung does not contribute to the uptake of adenosine in vivo differ from those of Kolassa et al. (1971) who reported 81 and 54% of [ 14 C]adenosine remaining in guinea pig and rat lung, respectively, 20 seconds after an iv injection. One possible explanation for the latter findings may be that the values reported included 14 C in blood cells trapped within the lung tissue. The investigators did not report having rinsed the organ before homogenizing and estimating residual radioactivity. Furthermore, these differences may reflect speciesdependent variations in the ability of blood cells to remove adenosine. Indeed, previous work has indicated that rabbit erythrocytes are much more efficient adenosine transporters than guinea pig or rat erythrocytes (Clanachan et al., 1983) . Thus, in the absence of fast erythrocyte transporter systems, for adenosine, guinea pig lung could be expected to be the preferred site of removal. If this hypothesis is correct, then removal of adenosine from the human pulmonary circulation may resemble that in the rabbit, since both human and rabbit erythrocytes have comparable purine transport systems (Clanachan et al., 1983) . Alternatively, there may exist significant variations in the ability of lungs from different mammals to dispose of adenosine. Indeed, Kolassa et al. (1971) observed that guinea pig lung was able to remove 50% more adenosine than rat lung, and reported significant differences between the two species in the ability of dipyridamole to Circulation Research/Vo/. 54, No. 5, May 1984 inhibit uptake. Similar differences between guinea pig and rat lung were also reported recently (Bakhle and Chelliah, 1983) . Thus, it is conceivable that rabbit lung is unique in not contributing to the uptake of adenosine in vivo, although this is doubtful since the kinetics of adenosine removal by bloodfree perfused lungs appear to be similar between rabbits (this study) and rats (Bakhle and Chelliah, 1983) . Studies, in vivo, are required to determine the contribution of the lung in the removal of adenosine during passage through the rat or guinea pig pulmonary circulation.
